WORK FORM-MEASURING METHOD AND DEVICE, AND COORDINATE- 
MEASURING MACHINE 



BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a work form- 
measuring method and device, and a coordinate-measuring 
machine, in particular to a work form-measuring method 
and device, and a coordinate-measuring machine which are 
capable of measuring the forms and dimensions of a work 
machined by a machine tool such as a machining center, 
immediately after the machining, by a coordinate- 
measuring machine such as a three-dimensional coordinate 
measuring machine, to shorten the production line tact 
including the measurement, and then to carry out the 
feedback of the measured data promptly. 

2 . Prior Art 

Conventionally , as shown in Fig. 13 for example, a 
machining line comprises a plurality of machining centers 
(hereinafter also referred to as "the M/C" ) 20, and a 
conveying loader 40 to which the machining centers 20 are 
connected, and further includes three-dimensional 
coordinate-measuring machines (hereinafter also referred 
to as "the CMM" ) 50. The three-dimensional coordinate- 
measuring machine 5 0 is arranged in the same row as the 
machining center 20 as one station of the machining line. 

Therefore, the work machined by one of the 



machining centers 2 0 is subjected to the measurement 
carried out by the three-dimensional coordinate-measuring 
machine 50 at the next step, according to the following 
processes : 

i) machining the work by the machining center 20. 

ii) conveying the work to the three-dimensional 
coordinate-measuring machine 5 0 by the conveying loader 
40. 

iii) measuring the work by the three-dimensional 
coordinate-measuring machine 50 and then to feed back the 
measured data to the machining center 20 on occasion 
demands . 

Of the processes i) to iii), the conveying process 
ii) by the conveying loader 4 0 includes, in detail, the 
processes of taking out, conveying, and taking in the 
work, which requires a lot of time. This results in an 
obstacle to shorten the whole line tact, in spite of the 
acceleration of each of the machining process i) and the 
measuring process iii). 
SUMMARY O F TH E INVE NT ION 

The present invention has been made in order to 
solve the above conventional problems. It is therefore 
an object of the present invention to provide a work 
form-measuring method and device which are capable of 
shortening the production line tact including the 
measurement, and then promptly carrying out the feedback 
of the measured data from a coordinate-measuring machine 



to a machining tool . 

To attain the above-mentioned object , the present 
invention provides a work form-measuring method 
comprising the steps of placing a work on a waiting 
position after the work has been machined by a machining 
tool; and bringing a probe of a coordinate-measuring 
machine close to the work and then measuring the forms 
and dimensions of the work, the coordinate-measuring 
machine being arranged in the vicinity of the machining 
tool. 

Preferably, the direction of the probe of the 
coordinate-measuring machine moving to the work is the 
same as that of a tool of the machining tool moving to 
the work, thereby enabling the work to be subjected to 
the measurement in the same condition (posture, 
supporting method, clamping method and on) as the 
machining tool, which provides a highly accurate 
measurement . 

More preferably, the direction of the tool of the 
machining tool moving to the work and that of the probe 
of the coordinate-measuring machine moving to the work 
both are horizontal, which facilitates the arrangement of 
the machining tool and the coordinate-measuring machine. 

Also preferably, the coordinate-measuring machine 
is capable of taking refuge to such a position as that 
the coordinate-measuring machine does not prevent the 
work from moving, which provides a highly accurate 



measurement without excessively increasing the respective 
lengths of the spindle and the probe of the coordinate- 
measuring machine, and without increasing the coordinate- 
measuring machine in size. 

To attain the above-mentioned object , the present 
invention also provides a work form-measuring apparatus 
comprising a changer for moving a work between a waiting 
position and a machining position at an inlet of a 
machining tool; and a coordinate-measuring machine for 
bringing a probe thereof close to the work, having 
machined by the machining tool, placed on the waiting 
position, to thereby measure the forms and dimensions of 
the work. 

Preferably, the work-measuring apparatus further 
comprises refuge means for causing the coordinate- 
measuring machine to take refuge to such a position as 
that the coordinate-measuring machine does not prevent 
the work from moving. 

More preferably, the refuge means is adapted to 
cause the coordinate-measuring machine to take refuge in 
a linear motion manner, which requires only simple 
construction to take refuge. 

Alternatively, the refuge means is adapted to cause 
the coordinate-measuring machine to take refuge in a 
rotational motion manner, which requires only small 
occupation space to take refuge. 

Further, the present invention provides a 



coordinate-measuring machine disposed in the vicinity of 
a machining tool for getting a probe thereof close to a 
work, having machined by the machining tool, placed on a 
waiting position , to thereby measure the forms and 
dimensions of the work, which causes the coordinate- 
measuring machine to be easily installed into machining 
line. 

Preferably, the machining tool and the coordinate- 
measuring machine are adapted to mutually exchange a 
measurement enabling signal and a measurement completion 
signal, both of which are related to the movement of the 
work by the changer, which causes the machining tool and 
the coordinate-measuring machine to be surely operated. 

More preferably, the coordinate-measuring machine 
leaves a refuge position after having received a signal 
of informing a change movement completion, from the 
machining tool, and the changer starts moving the work 
after having received a signal of informing a coordinate- 
measuring machine refuge completion. 

The work form-measuring . apparatus preferably 
further comprises rotating means for rotating the work 
which is placed on a measuring position, which causes the 
work to be measured in all or multi-side faces. 

According to the present invention, the forms and 
dimensions of the work, having been machined by the 
machining tool, can be immediately 'after the machining, 
thereby resulting in the shortage of the production line 



# 



tact including the measurement, and the acceleration of 
the feed back of the measured data from the coordinate- 
measuring machine to the machining tool. Also, the 
coordinate-measuring machine, which is conventionally 
required to be used at a sampling inspection process or a 
final process, can be used at an intermediate process 
between the machining tools, which enables the 
measurement in the line to be ideally carried out, and 
then the machining and the measurement can be carried out 
in parallel, thereby enabling a true error of the 
machining tool to be extracted, which enables an optimum 
feedback value to be obtained. 

These and other novel features and advantages of 
the present invention are described in or will become 
apparent from the following detailed description of 
preferred embodiments . 

Moreover, as relevant to the present invention, 
there is described in US Patent No. 3,800,422 that a 
three-dimensional coordinate-measuring machine is adapted 
to rotate a spindle together with a vertical shaft, and 
further in US Patent No. 3,823,482 that only a probe of a 
coordinate-measuring machine is rotatable. However, both 
of US Patents do not take account of incorporating the 
three-dimensional coordinate-measuring machine into a 
machining tool. 



B RI E F DESCRI P TION OF THE DRAWINGS 
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The preferred embodiments will be described with 
reference to the drawings, wherein like embodiments have 
been noted throughout the figures with like reference 
numerals and wherein: 

Fig. 1 is a front view of a three-dimensional 
coordinate-measuring machine according to a first 
embodiment of the present invention, including a 
machining center, which is useful in explaining their 
arrangement : 

Fig. 2 is a plan view of the same; 

Fig. 3 is a perspective view of the same; 

Fig. 4 is a schematic perspective view of the 
machining center; 

Fig. 5 is a schematic perspective view of an auto 
pallet changer disposed on the machining center; 

Fig. 6 is a block diagram showing the system 
construction of the first embodiment; 

Fig. 7 is a flow chart showing measurement 
procedures in the first embodiment; 

Fig. 8 is. a plan view of the auto pallet changer in 
the first embodiment, which is useful in explain its 
operation; 

Fig. 9 is a plan view of a second embodiment of the 
present invention ; 

Fig. 10 is a plan view of the same; 

Fig. 11 is a front view of a third embodiment of 
the present invention; 
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Fig. 12 is a plan view of the same; and 
Fig. 13 is a schematic arrangement of one example 
of a conventional machining line having a three- 
dimensional coordinate-measuring machine. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 

A first embodiment of the invention will be 
described hereinbelow with reference to Fig. 1 of a front 
view, Fig. 2 of a plan view, and Fig. 3 of a perspective 
view. 

Referring to Figs. 1 to 3, in the vicinity of a 
machining center, such as a horizontal type machining 
center (M/C) 20 shown in Fig. 4 for example, is disposed 
a horizontal type three-dimensional coordinate-measuring 
machine (CMM) 50. The machining center 2 0 has a 
horizontal main spindle 22, and the three-dimensional 
coordinate-measuring machine 50 has a horizontally 
movable spindle 54 to which a probe 52 is attached. A 
work 10 (See Fig. 4) is moved to a waiting position after 
it has been machined by the machining center 20, where 
the form of the work 10 is measured by the probe 52 of 
the CMM getting close to the work 10. 

In the drawings, reference numeral 21 designates a 
base of the M/C 20, 22 a main spindle to which is 
attached a cutting tool, such as a drill, a face mill, 
and a tap, for machining the work 10 moving in a Z-axis 
direction Zm of the M/C 20, 2 3 a machining index 
(rotation) mechanism for rotating the work 10 by a 
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predetermined angle at the machining position, 2 6 a two- 
position rotational type auto pallet changer (hereinafter 
also referred to as "the APC" ) , and 29 a base of the APC 
26. The APC 26 includes a plate 28 for rotating the work 
10, which is taken in from and out to a conveying loader 
(not shown) and placed on a pallet 12, as shown by the 
arrow R in Fig. 5, to move the work 10 between the 
waiting position of a lower side in Fig. 2, and a 
machining position of an upper side in Fig. 2. 

A partition plate 30 is, on occasion demands, 
uprightly disposed between the machining position and the 
waiting position, for preventing chips and oil occurring 
during the machining from being splashed. 

Reference numeral 54 designates a spindle of the 
CMM 50, 56 a base of the CMM 50, 58 a Z-axis cover 
covering a Z-axis direction moving mechanism for moving 
the spindle 54 in a horizontal Z-axis direction, 60 a Y- 
axis cover for covering a Y-axis direction moving 
mechanism for moving the Z-axis direction moving 
mechanism 58 in a vertical Y-axis direction, and 62 an X- 
axis cover for covering an X-axis direction moving 
mechanism for moving the Y-axis direction moving 
mechanism 60 in a horizontal X-axis direction 
perpendicular to drawing sheet of Fig. 1 (See Fig. 2). 

There is shown in Fig. 6 a system of the first 
embodiment in which various kinds of communication 
including the feedback of the measured data are carried 



out between a NC controller 70 on a side of the M/C 20 
and a programmable controller (hereinafter also referred 
to as "the PLC") 72 on a side of the CMM 50. The 
instruction of the PLC 72 causes a drive controller 78 
and a data processor 76 to transmit the data mutually, in 
which the drive controller 78 controls actuators 74A, 74B, 
74C such as jig clamps, and a main body of the CMM 50. 

For example, when the NC controller 70 transmits an 
APC rotation completion-informing instruction to the CMM 
50, the CMM 50 performs the measurement. In concrete 
terms, whenever the measurement of one side face of the 
work 10 is completed, the work 10 is rotated (turns in 
its axis) by an optional angle, e.g. 90° by the measuring 
index mechanism 24, and then the next side face of the 
work 10 is measured. In this manner, repeating the 90°, 
for example, -rotation and the measurement causes all the 
side faces of the work 10 to be measured. After the 
completion of the measurement, the CMM 5 0 transmits a 
work (or pallet ) -conveying instruction to the NC 
controller 70, and the work,, having been measured, is 
taken out to the conveying loader 40, and then the next 
work 10 is taken in from the conveying loader 40 to the 
waiting position. 

Next, procedures in measurement will be described 
with reference to .Fig. 7. 

In Fig. 7 , at a step 100, the work 10 to be next 
machined, as shown in Fig. 8, on the M/C 20 is taken in 
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to a portion A of plate 28 of the APC 26 which is located 
on a side of the conveying loader 40 at this point of 
time. Next, the plate 28 of the APC 26 is rotated by 180° 
as shown by the arrow R at a step 120, and the work 10 
placed on the portion A, which is turned to be located on 
the machining position (i.e., on a side of the M/C 20), 
is machined by the M/C 2 0 at a step 130. In parallel 
with this machining, the next work 10 is taken in from 
the conveying loader 40 to a portion B, which is located 
on the waiting position (i.e., on a side of the conveying 
loader 40), during the machining at a step 132. 

At a step 140, waiting condition continues until 
both th£ machining completion and the next work taking-in 
completion are confirmed. Then, when the confirmation is 
made, the plate 28 of the APC 26 is rotated by 180° at a 
step 150. The rotation of the plate 28 of the APC 26 
causes the work 10 to be moved to the machining position, 
where the work 10 is machined by the M/C 20 at a step 160. 
On the other hand, the CMM 50 measures all the side faces 
of the work 10 moved to the portion A which returns to 
the waiting position after the machining completion, 
while repeating the 90°-rotation by the measuring index 
mechanism 24 and the measurement, at a step 162. The 
work 10, having been machined, is taken out to the 
conveying loader 40 at a step 164, and then the next work 
10 is taken in to the waiting position from the conveying 
loader 40 at a step 166. 



At a step 170, waiting condition continues until 
both the machining completion and the next work taking-in 
completion are confirmed. Then, the plate 2 8 of the APC 
26 is rotated again by 180° at a step 180, followed by 
5 returning to the step 130, where work 10 placed on the 
portion A, which is turned to be the machining position, 
is machined by the M/C 20. On the other hand, the CMM 50 
measures all the side faces of the work 10 moved to the 
portion B which returns to. the waiting position after the 

10 machining completion by rotation of the APC at a step 180, 
at a step !92. The work 10, having been measured on all 
side faces, is taken out to the conveying loader 40 at a 
step 194, followed by returning to the step 132, where 
the next work is taken in to the waiting position of the 

15 APC 26 from the conveying loader 40. 

Thereafter, the above steps 130 to 194 are repeated. 
In this way, the work 10 can be measured at a 
measuring area (waiting position) simultaneously during 
the other work 10 is machined at a machining area 

20 (machining position) of the M/C 20 having the APC 26. 

This causes the respective performances of the M/C 2 0 and 
the CMM 50 to be exhibited, with increased machining 
speed. Moreover, taking account of the APC 2 6 rotating, 
the CMM 50 is disposed at a safety position at which the 

25 CMM 50 do not interfere with the APC 26, with the Z-axis 
direction moving range enlarged. This causes, however, 
the CMM 50 and the APC 2 6 to be away from each other to 
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elongate the Z-axis, with the deflection of the spindle, 
etc., which provides a disadvantage as to accuracy. 

Therefore, in a second embodiment of the invention, 
as shown in Fig, 9 of a front view and Fig. 10 of a plan 
5 view, there is disposed rails 80 on a base 32 of the CMM 
50 which is common to the M/C 20, enabling a main body of 
the CMM to linearly take refuge to a refuge position. 

According to the second embodiment, the CMM 50, 
which is heavy, can take refuge safely. 

10 Moreover, in the second embodiment, the whole CMM 

50 is adapted to be moved, making the driving mechanism 
large-scaled, which makes the large occupation space 
large. Therefore, a third embodiment of the present 
invention is, as. shown in Fig. 11 of a front view and Fig. 

15 12 of a plan view, adapted to take refuge by rotating the 
main body of the CMM 50 on rails 84 around a vertical 
axis 82 on the side of the M/C 20, as shown by the arrow 
B. 

This embodiment realizes a safe refuge movement and 
20 . requires only a small occupation space compared with the 
second embodiment . 

In the above embodiments, the moving direction ( Zm 
direction) of the work 10 relative to the cutter during 
cutting and the moving direction (Z-axis direction) of 
25 the prove 52 both are horizontal, thereby providing a 
high accuracy measurement, and an easy arrangement. 
Moreover, the machining center and the three-dimensional 
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coordinate-measuring machine each is not limited to a 
horizontal type. 

Moreover, in the above embodiment, the APC 2 6 is of 
a two-position rotational type; however, the invention 
5 can also be employed for a machining tool, other than a 
machining center, comprising a three-position rotational 
type APC in which a machining position and two waiting 
positions are arranged at equi-angular distances of 120°, 
and an APC in which the machining position and the 
y 10 waiting positions are exchangeable by another method 
other than the rotational method. 

Furthermore, in the above embodiments, the 
invention is employed for the three-dimensional 
m coordinate-measuring machine; however, it is apparent 

15 that the application of the invention is not limited to 
these embodiments , and that the invention can be 
similarly applied to a coordinate-measuring machine, 
which measures a three-dimensional shape of the work 
using the movement of the work with both an X-axis and a 
20 Y-axis fixed, and a two-dimensional coordinate-measuring 
machine which measures only a two-dimensional sectional 
shape of the work at a predetermined level. 
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